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Finding Priorsthat are expressive enough 
to be used in a wide range of tasks



Prior 1: Natural movements 
are driven by minimal 
intervention control principles

Prior 2: Actions often relate to 
objects, tools or body landmarks

Prior 3: Diverse data in robotics 
lie on structured manifolds



state variable (position+velocity)

desired state 

control command (acceleration)

precision matrix

control weight matrix

System dynamics

Use low control commands!Track path!

Learning minimal intervention controllers

Model predictive control (MPC):



æAnalytical solution to generate 
movements by following minimal 
intervention control principle

Transition and
state duration

(HSMM)

Stepwise reference path given by:

Learning minimal intervention controllers

center of the Gaussian
covariance matrix



Application: Editing movements with variations

[Berio, Calinonand LeymarieΣ Lwh{Ωнлмсϐ  ώBerio, Calinonand LeymarieΣ ah/hΩнлмтϐ

User interface to edit and 

generate natural and dynamic 
motions by considering 
variation and coordination

Compliant controller to retrieve 

safe and human-like motions

Daniel Berio Frederic FolLeymarie



SNSF, CHIST-ERA (2015-2018)

https:// i-dress-project.eu

Application: Assistive dressing

[Pignatand Calinon, RAS 93, 2017] [Canal, Pignat, Alenya, Calinonand TorrasΣ L/w!Ωнлмуϐ

Emmanuel Pignat



Application: Minimally invasive surgery

Insertion Retraction

[Bruno, Calinonand Caldwell, Autonomous Robots, 2016]

FP7 (2012-2015)



Stiff

Compliant

[Bruno, Calinon, Malekzadehand Caldwell, ICIRA, LNCS 9246, 2015]

s=0s=1

Arm index s

Application : Minimally invasive surgery



Prior 1: Natural movements 
are driven by minimal 
intervention control principles

Prior 2: Actions often relate to 
objects, tools or body landmarks

Prior 3: Diverse data in robotics 
lie on structured manifolds



Prior 2: Actions 

often relate to 

objects , tools or 

body landmarks



Conditioning -based approach

"Generic approach, but 
limited generalization capability

Regression with a 
context variable c:

ÅLearning of
ÅRetrieval with



Track path in coordinate system j

Control in multiple coordinate systems

Use low control commands!
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[CalinonΣ ICwΩнлмсϐ

In many robotics problems, 
the parameters describing 
the task or situation can be 
interpreted as coordinate 
systems

Control in multiple coordinate systems



æLearning of a controller 
(instead of learning a trajectory) 
that adapts to new situations 
while regulating the gains
according to the precision and 
coordination required by the task

[CalinonΣ ICwΩнлмсϐ

Control in multiple coordinate systems



Control in multiple coordinate systems

æRetrieval of control commands 
in the form of trajectory distributions, 
facilitating exploration and adaptation

(in either control or state space) 

[CalinonΣ ICwΩнлмсϐ



http://dexrov.eu
EC, H2020 (2015-2018)

DrAndrasKupcsik

Application: Shared control



Application: Shared control
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[Birket al., IEEE Robotics and Autom. Magazine, 2018 (in press)]   [Havoutis& Calinon, Autonomous Robots, 2018]

http://dexrov.eu
EC, H2020 (2015-2018)


